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(7) ABSTRACT

Various diagnostics with the application of photodynamic
diagnosis/therapy (photodynamic therapy: PDT) wherein
use is made of highly selective uptake of an iminochlori-
naspartic acid derivative or its pharmacologically acceptable
salt in neovessels and selective uptake thereof in cancer
cells. More specifically, remedies for rheumatism, remedies
for inflammatory keratosis, agents for confirming the loca-
tion of a sentinel lymph node and diagnostics for cancer
metastasis which contain as the active ingredient an imi-
nochlorinaspartic acid derivative represented by the follow-
ing formula (I) or its pharmacologically acceptable salt: (I)
wherein Asp represents aspartate.
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METHOD OF PHOTODYNAMIC DIAGNOSIS FOR
VASCULAR DISEASES

TECHNICAL FIELD

[0001] The present invention relates to therapeutic agents
intended for use in photodynamic therapy (PDT) of vascular
diseases, including rheumatoid arthritis and inflammatory
keratosis, and containing as an active ingredient an imi-
nochlorine aspartic acid derivative or a pharmaceutically
acceptable salt thereof. The present invention also relates to
diagnostic agents for locating the sentinel lymph node
(referred to as “SN,” hereinafter) and detecting cancer
metastasis.

BACKGROUND ART

[0002] Photodynamic therapies (PDT) have emerged as a
new way of treating cancers. In PDT, a certain porphyrin
derivative is intravenously injected and is allowed to accu-
mulate preferentially in cancer (tumor) tissues. Laser light is
then irradiated to selectively destroy the cancer tissues. The
technique exploits two unique properties of porphyrin
derivatives: their ability to selectively accumulate in cancer
tissues and their photosensitizing ability.

[0003] The present inventors have been conducting exten-
sive studies to develop potent porphyrin derivatives for use
in PDT and have thus far proposed several single-compo-
nent porphyrin derivatives that are quickly eliminated from
normal tissues and exhibit reduced phototoxicity while
retaining ability to selectively and stably accumulate in
cancer tissues.

[0004] One example is a particular iminochlorine aspartic
acid derivative, a porphyrin derivative that is suitable for use
with titanium sapphire laser (wavelengths of 600 nm or less
and 670 or more) or diode laser (670 nm) and has the
structure represented by the following formula (I):

O
HON

HO

AspOC COAsp

[0005]

[0006] Of the iminochlorine aspartic acid derivative rep-
resented by the formula (I) and pharmaceutically acceptable
salts thereof, a sodium salt named ATX-S10°Na, shows a
particularly high selectivity to cancer tissues and neovascu-
larizations. The compound has proven highly effective as a

wherein Asp represents an aspartic acid residue.
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PDT agent for treating tumors and age-related macular
degeneration and a patent application has already been filed
claiming this aspect of the compound (W098/14453).

[0007] Various diseases are accompanied by angiogenesis,
including rheumatoid arthritis and inflammatory keratosis.

[0008] Rheumatoid arthritis is a collagen disease charac-
terized by vascular inflammation and is speculated to be
caused by abnormal immune responses. The exact causes of
the disease, however, are still unknown and effective treat-
ments have yet to be established. Current treatments for
rheumatoid arthritis include drug treatments, such as anti-
inflammatory agents, steroids, and anti-rheumatoid agents,
as well as surgical treatments, such as artificial joint replace-
ment. None of these are effective enough to cure the disease,
however. Trauner et al. examined the possibility of PDT in
the treatment of rheumatoid arthritis and a patent has already
been granted to the same inventors (U.S. Pat. No. 5,368,
841). Nonetheless, the photosensitizers disclosed in this
patent may exhibit phototoxicity since the compounds are
not sufficiently selective to build up in a particular tissue but
remain in the body for a prolonged period of time.

[0009] Inflammatory keratosis, on the other hand, is a skin
disease in which ‘inflammation,” a condition caused when
epidermal blood vessels expand to allow lymphocytes and
other leukocytes to infiltrate into the skin, occurs in con-
junction with ‘keratosis,” a thickening of epidermides and
corneum. Treatments for the disease include anti-inflamma-
tory agents, such as steroids, epidermal growth inhibitors,
such as retinoids, and UV treatments (e.g., PUVA), but none
offer a decisive cure.

[0010] Recently PDT using 5-aminolevulinic acid hydro-
chloride (5-ALA) has emerged as an effective treatment. A
precursor for the biosynthesis of protoporphyrin IX, 5-ALA
is known to exhibit some of the chemical properties of
protoporphyrin IX: it does not readily accumulate in neovas-
cularizations and can only absorb light at wavelengths of at
most 630 nm. These properties limit the therapeutic effects
of the 5-ALA treatment.

[0011] Meanwhile, the present inventors directed attention
to the ability of the iminochlorine aspartic acid derivative of
the formula (I) and pharmaceutically acceptable salts therecof
to selectively accumulate in neovascularizations, and con-
ducted extensive researches to examine the possibility of
these compounds as potential therapeutic or diagnostic PDT
agents. These efforts eventually led to the discovery that, not
only when used in disease conditions such as cancers and
ophthalmologic disorders, but also in other disease condi-
tions, AT’X-S10+Na, a sodium salt of the compound, exhibits
superior ability to accumulate in inflammatory cells respon-
sible for the angiogenesis. The present inventors have also
discovered that when used in PDT, ATX-S10°Na can serve
as a highly effective cure for various skin diseases, such as
inflammatory keratosis (dermatitis such as psoriasis), and
different rheumatisms, such as rheumatoid arthritis, a col-
lagen disease.

[0012] Of those iminochlorine aspartic acid derivative
represented by the formula (I) and the pharmaceutically
acceptable salts thereof, ATX-S10*Na, a sodium salt, is
known to emit red fluorescent light at 670 nm when irradi-
ated with light with a proper excitation wavelength (e.g., 400
nm) and can thus be used to provide a definitive diagnosis
of the location of a tumor. These are already disclosed facts.



US 2005/0209298 A1l

[0013]
determination of the location of a tumor helps avoid unnec-

In surgical operations to remove tumors, accurate

essary removal of normal tissues and improves the QOL of
the patients by reducing their burden.

[0014] Cancer surgery is often combined with chemo-
therapy to reduce the risk of metastasis. Chemotherapy is
usually accompanied by side effects, however, and is pref-
erably avoided if possible.

[0015] To determine the presence of metastasis, biopsy of
sentinel lymph nodes have recently been performed. Senti-
nel lymph nodes (which may be referred to as ‘SN, here-
inafter) are the first lymph nodes to receive drainage from a
cancer. If the results of SN biopsy do not indicate the
presence of metastasis, the removal of surrounding lymph
nodes can be avoided and, thus, the risk of complications
such as decreased immune activity can be reduced, as can
the probability of post-operative chemotherapy.

[0016] Dye-staining techniques and radioisotope tech-
niques are currently used to determine the location of the
SN. However, the fat tissues of the body and thin lymphatic
vessels make it difficult to perform these techniques without
significant skills and, thus, to determine the exact location of
the SN.

[0017]
tic acid derivative and the pharmaceutically acceptable salts

Intrigued by the ability of the iminochlorine aspar-

thereof to emit fluorescence, the present inventors have
made an effort to develop a diagnostic agent that enables the
determination of the location of the SN and the diagnosis of
the presence of metastasis of cancers. The present inventors
later discovered that these compounds can serve as highly
effective diagnostic agents for locating the SN and for
diagnosing the presence of cancer metastasis. This discovery
eventually led the present inventors to complete the present
invention.

[0018] Accordingly, it is an objective of the present inven-
tion to provide a therapeutic agent or a diagnostic agent for
use in a photodynamic therapy (PDT) of rheumatoid arthritis
and inflammatory keratosis. It is another objective of the
present invention to provide a diagnostic PDT agent for
cancers that can determine the location of the sentinel lymph
node (SN) and can allow diagnosis of cancer metastenosis.

DISCLOSURE OF THE INVENTION

[0019] An essential aspect of the present invention con-
cerns a therapeutic or diagnostic agent for use in a photo-
dynamic theory (PDT) of vascular diseases, rheumatoid
arthritis and inflammatory keratosis, as well as a diagnostic
PDT agent for cancers that can determine the location of the
sentinel lymph node (SN) and can allow diagnosis of cancer
metastenosis. This agent contains as an active ingredient an
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iminochlorine aspartic acid represented by the following
formula (I) or a pharmaceutically acceptable salt thereof:

O
HON

HO

AspOC COAsp

[0020] wherein Asp represents an aspartic acid residue.

[0021] Specifically, the essential aspect of the present
invention is characteristic in that the ability of the imi-
nochlorine aspartic acid derivative of the formula (I) or a
pharmaceutically acceptable salt thereof to accumulate in
neovascularizations or tumor cells is exploited in performing
PDT.

[0022] One example of diseases caused by angiogenesis is
rheumatoid arthritis. Thus, a first specific embodiment of the
present invention concerns a PDT method for treating rheu-
matoid arthritis. The method comprises using the iminochlo-
rine aspartic acid derivative of the formula (I) or a salt
thereof in PDT to inhibit angiogenesis and thereby suppress
destruction of joints by cell death of synovial cells. This
embodiment also concerns a therapeutic agent for use in
PDT of rheumatoid arthritis containing as an active ingre-
dient the iminochlorine aspartic acid derivative of the for-
mula (I) or a pharmaceutically acceptable salt thereof.

[0023] Another example of diseases caused by angiogen-
esis is inflammatory keratosis. Inflammatory keratosis is a
skin disease characterized by flush and Kkeratinization, a
notable symptom of inflammation. The disease includes
psoriasis and parapsoriasis, the treatment of which requires
strong agents such as steroids. The iminochlorine aspartic
acid derivative of the formula (I) or a pharmaceutically
acceptable salt thereof, however, effectively accumulates in
subepidermal inflammatory cells when percutaneously
administered, and by exposing the cells to laser irradiation
to perform PDT, the disease can be effectively treated.

[0024] Thus, a second specific embodiment of the present
invention concerns a method for effectively treating inflam-
matory Keratosis. The method comprises using the imi-
nochlorine aspartic acid derivative of the formula (I) or a
pharmaceutically acceptable salt thereof in PDT to induce
necrosis of subepidermal inflammatory cells. This embodi-
ment also concerns a therapeutic agent for use in PDT of
inflammatory keratosis (skin diseases such as psoriasis)
containing as an active ingredient the iminochlorine aspartic
acid derivative of the formula (I) or a pharmaceutically
acceptable salt thereof.
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[0025] As described, a sentinel lymph node (SN) is the
first lymph node to receive lymphatic drainage from a
metastasized cancer. Thus, lymph node metastasis of carci-
noma is initiated by metastasis to the SN: the sentinel node
(SN) concept is becoming widely accepted. This concept is
based on the assumption that if no metastases are found in
the SN, then the cancer has not been metastasized to other
lymph nodes either. As the concept is widely accepted, the
sentinel node navigation surgery is rapidly becoming a
standard procedure.

[0026] Specifically, if one can identify the location of the
sentinel lymph node and determine the presence of metasta-
sis in the SN, it can be determined if the cancer has
metastasized to the entire lymphatic system. This SN con-
cept has already been put to clinical use as the dye-staining
technique or radioisotope technique for diagnosing breast
cancer and malignant melanoma. The present inventors have
newly discovered that, by exploiting the ability of porphyrin
derivatives to emit fluorescence, the SN can be located in a
safe and highly sensitive manner, facilitating diagnosis of
cancer metastasis.

[0027] Thus, a third specific embodiment of the present
invention concerns a PDT method for locating the SN and
diagnosing cancer metastasis. The method comprises using
the iminochlorine aspartic acid derivative of the formula (T)
or a pharmaceutically acceptable salt thereof in PDT to
locate the SN and thereby diagnose cancer metastasis. This
embodiment also concerns a diagnostic PDT agent for
locating the SN and diagnosing cancer metastasis containing
as an active ingredient the iminochlorine aspartic acid
derivative of the formula (I) or a pharmaceutically accept-
able salt thereof.

[0028] The present invention has revealed that, of the
iminochlorine aspartic acid derivative of the formula (I) and
pharmaceutically acceptable salts thereof, a sodium salt,
known as ATX-S10¢Na, is particularly effective. Thus, the
most specific embodiment of the present invention concerns
a PDT method for treating rheumatoid arthritis and a thera-
peutic agent for use in PDT of rheumatoid arthritis; a PDT
method for treating inflammatory keratosis and a therapeutic
agent for use in PDT of inflammatory keratosis; and a PDT
method and a diagnostic PDT agent for locating the SN and
diagnosing cancer metastasis, wherein the iminochlorine
aspartic acid derivative of the formula (I) or a pharmaceu-
tically acceptable salt thereof comprises ATX-S10¢*Na, a
sodium salt.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1is a graph showing the viability of HUVECs
in PDT using ATX-S10°Na of the present invention.

[0030] FIG. 2 comprises photographs showing visual
appearances of a model mouse in which type II collagen was
injected to induce arthritis and no laser irradiation was
provided in PDT (Control group).

[0031] FIG. 3 comprises photographs showing visual
appearances of a model mouse in which type II collagen was
injected to induce arthritis and laser was irradiated in PDT
(Test group). The pictures show the mouse 7 days after
irradiation of laser.

[0032] FIG. 4 comprises micrographs showing a tissue
slice of a model mouse’s joint having type II collagen-
induced arthritis with no laser irradiation provided in PDT
(Control group).
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[0033] FIG. 5 comprises micrographs showing a tissue
slice of a model mouse’s joint having type II collagen-
induced arthritis following laser irradiation in PDT (Test

group).

[0034] FIG. 6 is a graph showing cytotoxic effects of PDT
using ATX-S10*Na of the present invention on cultured
keratinocytes. 50 ug/mL of ATX-S10*Na of the present
invention was added to the cell culture. After a predeter-
mined culture period, the cells were washed with PBS and
were irradiated with laser at 10 J/em®. The viability of the
keratinocytes was determined 1, 2, 3, 6, 12, and 24 hours
after the irradiation and was plotted on a graph.

[0035] FIG. 7 comprises fluorescence images of a model
mouse having dermatitis, taken 3 hours after application of
a hydrophilic ointment with or without ATX-S10*Na. The
pictures are (a) with the hydrophilic ointment containing
ATX-S10°Na, and (b) with the hydrophilic ointment without
containing ATX-S10*Na.

[0036] FIG. 8 comprises micrographs of skin tissue sec-
tions obtained from a model mouse of dermatitis. The
pictures were taken 3 hours after application of a hydrophilic
ointment containing 1% ATX-S10*Na to the TPA-treated
skin. The pictures are (a) with laser irradiation and (b) no
laser irradiation.

[0037] FIG. 9 comprises fluorescence images taken after
administration of photofrin. The top two pictures show 5
min. (left) and 10 min. after administration. The middle
pictures show 15 min. (left) and 20 min. after administration.
The bottom pictures show 25 min. (left) and 30 min. after
administration.

[0038] FIG. 10 comprises fluorescence images taken after
administration of ATX-S10*Na of the present invention. The
top two pictures show 5 min. (left) and 10 min. after
administration. The middle pictures show 15 min. (left) and
20 min. after administration. The bottom pictures show 25
min. (left) and 30 min. after administration.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0039] Individual embodiment of the present invention
will now be described in detail with reference to Test
Examples.

[0040] A particular iminochlorine aspartic acid derivative
of the formula (I) and pharmaceutically acceptable salts
thereof used as an active ingredient in the present invention
can be produced by, for example, a method described in
WO0098/14453. Examples of the pharmaceutically accept-
able salts include sodium salts, potassium salts, and calcium
salts. Of these, sodium salts are particularly preferred and a
sodium salt of a certain iminochlorine aspartic acid deriva-
tive of the formula (I) was named ATX-S10°Na.

[0041] A first embodiment of the present invention con-
cerns a PDT method for treating rheumatoid arthritis and a
therapeutic agent for use in PDT of rheumatoid arthritis. The
PDT method or the therapeutic agent comprises, as an active
ingredient, an iminochlorine aspartic acid derivative of the
formula (I) or a pharmaceutically acceptable salt thereof, in
particular, AT’X-S10+Na, a sodium salt of the compound.

[0042] Of different types of rheumatism, rheumatoid
arthritis is considered an intractable disorder and is patho-
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logically characterized by proliferative synovitis, synovial
pannus formation, and destruction of cartilages and bones by
pannus. The disease brings about polyarticular joint pain,
arthrocele, and joint functional disorder, significantly
decreasing the QOL of patients for the rest of their lives.
Thus, the goal of treating rheumatoid arthritis is to prevent
the destruction of joints by proliferative pannus. To this end,
a possible treatment for rheumatoid arthritis may involve
suppression of synovial inflammation and inhibition of
angiogenesis. Such a treatment can prevent the destruction
of joints.

[0043] In an effort to find a way to prevent arthritic
destruction of joints, the present inventors have conducted
the following tests using model mice with type II collagen-
induced arthritis and examined the possibility of applying
PDT to the inhibition of angiogenesis and induction of cell
death of synovial cells.

[0044] Test 1 (in vitro Test): Effects of PDT on Human
Umbilical Vein Endothelial Cells (HUVECS)

[0045] As a first step, we determined if cell death of
inflamed HUVECsS can be induced by PDT.

[0046] HUVECs were seeded in a culture medium at
1.0x10  cells/well. After a predetermined culture period,
IL-1p(1 ng/mL) and TNF-o(10 ng/mL) were added to
stimulate the cells and, thus, cause inflammation of the cells.
After a 1-hour stimulation period, the cells were divided into
two groups, and 25 ug/ml of ATX-S10°Na of the present
invention was added to one group and 50 ug/ml of ATX-
S10eNa to the other group. Subsequently, the cells were
incubated at 37° C. for 24 hours.

[0047] After the incubation period, laser was irradiated
onto the cultured cells (each dosage group was divided into
five subgroups, which were irradiated at 0, 15, 30, 50, and
100 J/em?). 24 hours after the irradiation, the viability of
HUVECs was determined by MTT assay.

[0048] The results indicate that no cell death was observed
in the non-irradiated groups whereas the viability of
HUVECs was within the range of approximately 10 to 20%
in each of the irradiated groups (the groups irradiated at 15,
30, 50, and 100 J/cm?). Each of the groups given 25 ug/mL
ATX-S10+Na showed a viability comparable to that of the
corresponding group given 50 ug/mL ATX-S10°Na (FIG.
1).

[0049] These results suggest that ATX-S10*Na when used
in PDT, induces cell death of inflamed HUVECs.

[0050] Next, using actual model mice with type II col-
lagen-induced arthritis, we conducted the following test to
examine what effects PDT using ATX-S10*Na have on
arthritis.

[0051] Test 2 (in vivo Test): Effects of PDT on Model
Mice with Type II Collagen-Induced Arthritis

[0052] Male DBA/1 mice, aged6 to 8 weeks and weighing
15 to 18 g, were used. Arthritis was induced by type II
collagen according to the following schedule.

[0053] On Day 0, 2 mg. of anti-type II collagen antibody
cocktail was intraperitoneally injected. On Day 1, 2 mg of
anti-type II collagen antibody cocktail was again intraperi-
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toneally injected. On Day 2 and Day 3, 50 ug of lipopolysac-
charide (LPS) was intraperitoneally injected to induce type
II collagen arthritis.

[0054] On Day 5, induction of type II collagen arthritis
was confirmed. A test group of 5 animals and a control group
of 3 animals were intravenously injected with 5 mg/kg of
ATX-S10°Na. The test group was exposed to laser irradia-
tion (dose: 30 J/cm?) 3 hours after administration of ATX-
S10°Na. On Day 14, each animal was observed for the
clinical effects as measured by the clinical arthritis score
(Terato et al., 1995). Each animal was perfusion-fixed, and
joint tissue was collected and stained with Safranin 0. The
resulting decalcified tissue sample was subjected to histo-
logical analysis.

[0055] The results of the analysis revealed that the non-
irradiated control group continuously exhibited symptoms
of arthritis, giving an arthritis score of 4 (FIG. 2), whereas
little or no arthritic symptoms were observed in the irradi-
ated test group, indicating an arthritis score of 0 or 1 (FIG.
3).

[0056] In the histological analysis, significant infiltration
of synovial cells was observed in the control group (FIG. 4),
whereas synovial infiltration was suppressed in the test
group (FIG. 5).

[0057] These observations demonstrate that ATX-S10*Na,
an iminochlorine aspartic acid derivative of the present
invention, is highly effective when used in PDT to treat
rheumatoid arthritis.

[0058] Conventional porphyrin derivatives are accompa-
nied by photosensitivity and other side effects since they
have a relatively low ability to selectively accumulate in a
particular tissue and are slowly metabolized in normal
tissues. Thus, treatments with these porphyrin derivatives
must be carried out in a dark environment. In contrast,
ATX-S10*Na the iminochlorine aspartic acid derivative of
the present invention, has a high ability to selectively
accumulate in inflamed cells and tumors but is readily
metabolized in normal tissues. Thus, the ATX-S10°Na
causes, if any, significantly reduced side effects such as
photosensitivity. In addition, the compound absorbs light
with a wavelength that penetrates deeper into tissue (670
nm) and can thus be used in therapies where external laser
light sources are used.

[0059] Articular rheumatisms, in particular, intractable
synovites resistant to drug treatment, are generally treated by
intraarticular injection of steroids, arthroscopic synovec-
tomy, and open synovectomy. Administration of steroids is
associated with the risk of infection and is invasive. Also,
some steroids are inappropriate for repetitive administration
in joints. Arthroscopic or open synovectomy requires hos-
pitalization, are invasive, and sometimes requires consider-
able rehabilitation.

[0060] Incomparison, PDT in accordance with the present
invention for treating rheumatoid arthritis involves intrave-
nous injection of the photosensitizer that selectively accu-
mulates in inflamed joints and subsequent external laser
irradiation onto the joints to induce necrosis of synovial cells
and thereby suppress the destruction of the joints. The
method, therefore, offers a non-invasive, highly effective
therapy.
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[0061] A second embodiment of the present invention
concerns a PDT method for treating inflammatory keratosis
(Psoriasis and other skin diseases) and a therapeutic agent
for use in PDT of inflammatory keratosis. The PDT method
or the therapeutic agent comprises, as an active ingredient,
an iminochlorine aspartic acid derivative of the formula (I)
or a pharmaceutically acceptable salt thereof, in particular,
ATX-S10*Na, a sodium salt of the compound.

[0062] Inflammatory keratosis is a skin disease character-
ized by flush and keratinization, a notable symptom of
inflammation. The disease includes psoriasis and parapso-
riasis with its characteristic clinical features including pso-
riatic erythrodermia, arthropathic psoriasis, and pustular
psoriasis.

[0063] The present inventors exploited the ability of the
iminochlorine aspartic acid derivative of the formula (I) or
a pharmaceutically acceptable salt thereof, in particular,
ATX-S10*Na, to effectively accumulate in inflamed cells
and prepared a hydrophilic ointment that contains ATX-
S10eNa and a hydrophilic ointment base described in Japa-
nese Pharmacopoeia. We then applied the ointment to the
skin, washed it off the skin and obtained a fluorescence
image which confirmed that ATX-S10*Na had accumulated
in the skin.

[0064] By irradiating laser at this stage to perform PDT,
necrosis of the inflamed cells can be induced and, thus,
inflammatory keratosis should be effectively treated. We
conducted the following test to verify this theory.

[0065] Test 3 (in vitro Test): Cytotoxicity Against Cul-
tured Keratinocytes

[0066] Keratinocytes were collected from a patient with
inflammatory keratosis and were cultured at 37° C. for 24
hours. To the cell culture, 50 pg/mL of ATX-S10*Na of the
present invention was added and the cells were further
cultured under the same conditions. Subsequently, the cells
were rinsed with PBS, were irradiated with laser at 10 J/ecm?,
and were observed for viability over time.

[0067] Assuming the initial number of the viable cells in
the culture medium prior to laser irradiation to be 100%, the
viability of the cells was determined at 1, 2, 3, 6, 12, and 24
hours after the irradiation. The results are shown in FIG. 6.
As shown, 75% of the keratinocytes incubated with ATX-
S10eNa died 6 hours after laser irradiation.

[0068] Using dermatitis model mice, we further conducted
the following test to examine the effects of PDT using
ATX-S10*Na on the disease.

[0069] Test 4 (in vivo Test): Induction of Dermatitis in
Mouse Skin by Treatment with Tetradecanoyl Phorbol
Acetate (TPA) and Therapeutic Effects of PDT Following
Application of ATX-S10*Na Ointment

[0070] 1) Preparation of ATX-S10°Na Ointment

[0071] Using a hydrophilic ointment base described in
Japanese Pharmacopoeia, two hydrophilic ointments, one
containing 1% of ATX-S10*Na and the other 10% of the
compound, were prepared by a common pharmaceutical
technique.
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[0072] 2) Induction of Inflammatory Dermatitis

[0073] Male DBA/1 mice, aged 6 to 8 weeks and weighing
15 to 18 g, were shaved with a clipper and a razor. TPA was
then applied to the skin to induce dermatitis.

[0074] 3) To a test group, the hydrophilic ointment con-
taining 1% ATX-S10°Na was applied. The ointment was
applied to the region of the skin where dermatitis was
induced and was rinsed off after 3 hours. To a control group,
an ATX-S10+Na-free hydrophilic ointment was applied and
was also rinsed off after application. The fluorescence
images obtained 3 hours after application showed reddish
fluorescence in the test group, but not in the control group,
indicating the presence of ATX-S10*Na accumulated in the
skin (FIG. 7).

[0075] 4) Laser Irradiation in PDT

[0076] The test group was then divided into two sub-
groups: one group was irradiated with laser at 100 J/cm? and
the other group was not irradiated. Skin histology of each
animal was observed.

[0077] The results indicate that the TPA-caused dermatitis
(inflamed region) was sustained in the non-irradiated group
while a significant decrease in the inflamed region was
observed in the irradiated group. This demonstrates that
when used in PDT, ATX-S10+Na of the present invention
serves to significantly alleviate dermatitis.

[0078] Cross-sectional micrographs of the skin tissues
with and without laser irradiation are shown in FIG. 8.

[0079] 1t has thus been demonstrated that the iminochlo-
rine aspartic acid derivative of the formula (I) or a pharma-
ceutically acceptable salt thereof, in particular, ATX-
S10Na, effectively accumulates in inflamed cells. The cells
are then exposed to laser irradiation in PDT to induce
necrosis of the inflamed cells and thereby effectively treat
the inflammatory keratosis.

[0080] A third embodiment of the present invention con-
cerns a diagnostic PDT method and a diagnostic PDT agent
for determining the location of the sentinel lymph node (SN)
and diagnosing cancer metastasis. The PDT method or the
PDT agent comprises, as an active ingredient, an iminochlo-
rine aspartic acid derivative of the formula (I) or a pharma-
ceutically acceptable salt thereof.

[0081] Exploiting the ability of the iminochlorine aspartic
acid derivative of the formula (I) or a pharmaceutically
acceptable salt thereof, in particular, ATX-S10*Na, to emit
fluorescence and selectively accumulate in tumor cells, the
present inventors conducted the following test to identify the
location of the SN and determine the presence of cancer
metastasis.

[0082] Test 5: Determination of the Location of Sentinel
Lymph Node and Cancer Metastasis in Murine Foot Pad

[0083] Male DBA/1 mice, aged 6 to 8 weeks and weighing
15 to 18 g, were used. Meth-A cancer cells were inoculated
into the foot-pad of each animal, and 0.02 mg/20 ul of
ATX-S10+Na to serve as a test compound was injected into
the tumor region. Using a fluorescent imaging system, the
location of the SN was identified and the presence of cancer
metastasis was determined over the following 30 minute
period.
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[0084] As a control compound, photofrin, a porphyrin
compound, was also intravenously injected.

[0085] Conditions regarding the use of the fluorescent
imaging system are as follows:

[0086] Camera: Color ICCD camera

[0087] Lens: Micro-Nikkor £55 mm (F 2.8).

[0088] Filters to cut excitation light: Y52*2

[0089] Field of view: 39 mm

[0090] Excitation light: Light source unit (L'7212), lens
(E5147-06);

[0091] fiber optics (A2873)
[0092] Filters: XYZ*2+B39+B37
[0093] Projection distance: 145 mm

[0094] Conditions regarding the image capturing are as
follows:

[0095] S-VHS-> DV-> DV Raptor (DV video) Standard
settings

[0096] Image size: 640x480 Frame DV Format

[0097] (Brightness=128, contrast=199, color thickness=
192, tint=128, sharpness=1)

[0098] FIG. 9 shows images obtained for photofrin
(referred to simply as PFE, hereinafter) as the control com-
pound, and FIG. 10 shows images obtained for ATX-
S10+Na of the present invention (referred to simply as S10,
hereinafter).

[0099] As shown, the location of the SN was clearly
indicated by the injection of ATX-S10*Na.

[0100] Subsequently, the SN was collected and was placed
in a test tube. 500 ul. of 0.3% trichloroacetic acid/60%
MeOH aqueous solution was added and the tissue was
sonicated at room temperature for 10 minutes. The sonicated
product was transferred to an eppendorf tube and was
centrifuged (8000xG, 10 min., 4° C.). 200 uL of the super-
natant was placed in a 96-well flat bottom plate (Nalge Nunc
167008) and the fluorescence was determined by a fluores-
cence plate reader (CytoFluor 2350, Millipore). The fluo-
rescence was measured at excitation wavelength of 420 nm
and fluorescence emission wavelength of 645 nm. The
ATX-S10Na level in the SN was determined to be a trace
amount of 10 to 20 ng/mg, which proved the high sensitivity
of the method.

[0101] Thus, the location of the SN can be determined by
using the iminochlorine aspartic acid derivative of the
formula (I) of the present invention. Once the SN has been
located, biopsy is conducted to determine if the cancer has
metastasized.

[0102] The determination of cancer metastasis to the SN
makes it possible to determine if the cancer has metastasized
to the entire lymphatic system and, thus, offers a direction
for future diagnosis and treatments.

INDUSTRIAL APPLICABILITY

[0103] As set forth, by taking advantage of the high ability
of the iminochlorine aspartic acid derivative of the formula
(D), in particular, ATX-S10°Na, a sodium salt of the com-
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pound, to accumulate in tumor or inflamed cells, the present
invention provides a therapeutic agent for use in PDT of
rheumatoid arthritis and inflammatory keratosis as well as a
diagnostic PDT agent for determining the location of the
sentinel lymph node and the presence of cancer metastasis.

[0104] As opposed to conventional treatments for rheu-
matoid arthritis, which are invasive and require hospitaliza-
tion for surgery, the therapeutic agents of the present inven-
tion do not require surgery and can minimize the destruction
of joints by inducing cell death of diseased synovial cells
from outside. Thus, the therapeutic agents of the present
invention are of significant medical importance.

[0105] Regarding therapeutic agents for inflammatory
keratosis, none of the conventional anti-inflammatory
agents, epidermal growth inhibitors, or UV therapies (e.g.,
PUVA) provide a decisive treatment. PDT using 5-aminole-
vulinic acid hydrochloride (5-ALA) also fails to provide
sufficient therapeutic effects due to the low ability of the
compound to accumulate in neovascularizations and the
compound’s maximum absorption wavelength (630 nm). In
contrast, the therapeutic agents of the present invention,
which effectively accumulate in subepidermal inflammatory
cells when administered percutaneously, can be used in PDT
in which the accumulated compounds are exposed to laser
irradiation to effectively treat the disease.

[0106] In addition, the present invention enables the deter-
mination of the location of the sentinel lymph node and,
thus, the determination of cancer metastasis. The invention
therefore offers a direction for future treatment of patients
with cancer and should be of significant medical importance.

1. A method for treating rheumatoid arthritis by PDT,
comprising administering an iminochlorine aspartic acid
derivative of the following formula (I):

O
HON

HO

AspOC COAsp

wherein asp represents aspartic acid residue;

or a pharmaceutically acceptable salt thereof:

2. The method according to claim 1, wherein the imi-
nochlorine aspartic acid derivative of the formula (I) or a
pharmaceutically acceptable salt thereof is a sodium salt.

3. A therapeutic agent for use in PDT of rheumatoid
arthritis, comprising as an active ingredient the iminochlo-
rine aspartic acid derivative of the formula (I) of claim 1 or
a pharmaceutically acceptable salt thereof.
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4. The therapeutic agent according to claim 3, wherein the
iminochlorine aspartic acid derivative of the formula (I) or
a pharmaceutically acceptable salt thereof is a sodium salt.

5. Use of the iminochlorine aspartic acid derivative of the
formula (I) of claim 1 or a pharmaceutically acceptable salt
thereof in PDT of rheumatoid arthritis.

6. The use according to claim 5, wherein the iminochlo-
rine aspartic acid derivative of the formula (I) or a pharma-
ceutically acceptable salt thereof is a sodium salt.

7. A method for treating inflammatory keratosis by PDT,
comprising administering the iminochlorine aspartic acid
derivative of the formula (I) of claim 1 or a pharmaceutically
acceptable salt thereof.

8. The method according to claim 7, wherein the imi-
nochlorine aspartic acid derivative of the formula (I) or a
pharmaceutically acceptable salt thereof is a sodium salt.

9. A therapeutic agent for use in PDT of inflammatory
keratosis, comprising as an active ingredient the iminochlo-
rine aspartic acid derivative of the formula (I) of claim 1 or
a pharmaceutically acceptable salt thereof.

10. The therapeutic agent according to claim 9, wherein
the iminochlorine aspartic acid derivative of the formula (T)
or a pharmaceutically acceptable salt thereof is a sodium
salt.

11. Use of the iminochlorine aspartic acid derivative of
the formula (I) of claim 1 or a pharmaceutically acceptable
salt thereof in PDT of inflammatory keratosis.

12. The use according to claim 11, wherein the iminochlo-
rine aspartic acid derivative of the formula (I) or a pharma-
ceutically acceptable salt thereof is a sodium salt.
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13. A method for determining the location of a sentinel
lymph node and the presence of cancer metastasis by PDT,
comprising administering the iminochlorine aspartic acid
derivative of the formula (I) of claim 1 and a pharmaceuti-
cally acceptable salt thereof.

14. The method according to claim 13, wherein the
iminochlorine aspartic acid derivative of the formula (I) or
a pharmaceutically acceptable salt thereof is a sodium salt.

15. A diagnostic agent for determining the location of a
sentinel lymph node and the presence of cancer metastasis
by PDT, comprising as an active ingredient the iminochlo-
rine aspartic acid derivative of the formula (I) of claim 1 and
a pharmaceutically acceptable salt thereof.

16. The diagnostic agent according to claim 15, wherein
the iminochlorine aspartic acid derivative of the formula (T)
or a pharmaceutically acceptable salt thereof is a sodium
salt.

17. Use of the iminochlorine aspartic acid derivative of
the formula (I) of claim 1 or a pharmaceutically acceptable
salt thereof in PDT to determine the location of a sentinel
lymph node and the presence of cancer metastasis.

18. The use according to claim 17, wherein the iminochlo-
rine aspartic acid derivative of the formula (I) or a pharma-
ceutically acceptable salt thereof is a sodium salt.



